Abstract The Penning trap is one of the most important experimental devices in the field of nuclear physics, and measures atomic masses with the highest precision in the world. Many such devices are currently in operation, with more being designed and constructed. To start the experimental study of atomic masses with very high precision in China, the Lanzhou Penning Trap (LPT) is being constructed at the Institute of Modern Physics, Chinese Academy of Sciences. In this paper the progress and status of the LPT will be reported.
Introduction
Mass is one of the most fundamental properties of an atomic nucleus that can be obtained. High-accuracy mass values for atoms give us access to atomic and nuclear binding energies that represent the sum of all the atomic and nucleonic interactions. Accurate mass data play an important role in studies of nuclear models, mass formulas, nuclear synthesis processes in nuclear astrophysics, symmetries of the weak interaction and the conserved vector current hypothesis, quantum electrodynamics, and the Standard Model [1, 2] . Atomic mass can be measured by many different methods, and the Penning trap is one of the most important experimental devices for mass measurement. In fact all of the highest precision masses up to now have been measured by using the Penning trap.
Many Penning traps are currently being run around the world, and more are being designed and constructed [3, 4] . In order to start the experimental study about atomic masses with very high precision, the Lanzhou Penning Trap (LPT) is being constructed. Its main goal is to perform direct mass measurements of fusion-evaporation residues and, if possible, heavy isotopes. In this paper we will briefly describe the components and report on the progress and status of the LPT.
Basic principle
A Penning trap is an electro-magnetic trap. Fig. 1 shows two different types of electrode configurations for a Penning trap: one is a hyperbolic trap and the other a cylindrical trap. The combination of an electrostatic quadrupolar field, φ(ρ, z), and a homogeneous magnetic field, B = Bẑ, allows a charged particle to be stored in a well defined volume. If a charged particle with a mass of m and a charge of q moves in a pure magnetic field B, it will rotate in a pure cyclotron motion with a frequency of
Due to the existence of the electric field, the pure cyclotron motion becomes a superposition of three independent harmonic motions, which are, respectively, an axial oscillation with a frequency of ω z , two radial motions with a reduced cyclotron frequency of ω + and a magnetron frequency of ω − .
The most important thing is that
Thus direct determination of this sum frequency allows a mass determination which depends only on the magnetic field B [5, 6] . If all three frequencies can be obtained, one can also obtain ω c by using the BrownGabrielse invariance theorem [7, 8] 
without the assumption of ∆ω c [θ, φ, ε] = 0. For more details, please refer to Refs. [9, 10] .
Simulation
There are two reasons to choose a cylindrical structure instead of a hyperbolic one for the LPT: easy machining and the possibility to perform precise spectroscopy in the trap with an open structure. The ion motions in the LPT have been investigated using the SIMION code (version 8.0) [11] . The geometry and voltage ratios of the cylindrical Penning trap followed the values in Ref. [12] , and the inner diameter of the electrodes (ρ 0 ) was set to 16 mm. Fig. 2 shows the equipotential lines of the Penning trap. It is obvious that hyperbolic potential surfaces have been created in this configuration. After many attempts and efforts we have simulated all the behaviors of the ions in the Penning traps and, based on the simulations, the optimization has been also performed [13] . Due to the limitations of the model space and the computer we have to use a scale of 0.5 mm per grid in the simulation. With this and many other limitations, a highest resolving power of about 5×10 4 has been achieved. For a real case, since the tolerances of the machining of the electrodes are much higher than 0.5 mm, the resolving power should be much higher than the value mentioned above. Further simulations and optimizations are still on-going. 
Design and machining
In order to enable mass measurement with high precision, purification must be undertaken to remove the impurities, and only the ions of interest to us should be left in the trap to perform the final measurement. The LPT has therefore been designed to have two Penning traps: the first for purification and the second for measurement. For the schematic setup of the LPT, please refer to our previous paper [13] . The beam line of the LPT must have the following function units: focusing and transport of the beam, manipulation of the ions' motion in the traps by radiofrequency fields, and detection of the time-of-flight of the ions. In the LPT we choose an einzel lens to focus the beam, and deflectors to slightly change the direction of the beam. The time-of-flight will be detected by a micro-channel plate. The manipulation of the motion of the ions is quite complicated and we will not describe it in detail here. Briefly speaking, it mainly includes the magnetron and cyclotron excitations, and the opening and closing of the traps.
The mechanical design is quite complicated and time-consuming. The electrode structure of the Penning trap is made of gold-plated copper cylinders with aluminum oxide insulators between them, while the vacuum chambers and tubes are made of stainless steel. Fig. 3 shows some of the assembled central parts of the LPT. 
LPT control and data acquisition system LPTCtrlSys
The LPT is a complex system that has a large number and variety of devices that need to be controlled. All the function units mentioned above must be controlled remotely. In addition, the experimental data must be collected and processed for on-line and off-line analysis. The control and data acquisition system of the LPT (LPTCtrlSys) is being developed to fulfill these demands. The following requirements have to be fulfilled: reliability, high precision, quick response to many operations from the user, flexibility, operational safety, and easy operation for the user. LPTCtrlSys is based on the CS-framework [14] , which is being used at many similar projects, such as SHIPTRAP, LEBIT and HI-TRAP. For more details about LPTCtrlSys, please refer to another paper for this conference [15] .
Superconducting magnet
The largest part of the LPT is the superconducting magnet that will be used to create the magnetic field for the Penning trap. It is one of the key components of the LPT because the uniformity, strength and stability of the magnetic field strongly affects the accuracy of the measured atomic masses. Since it is too expensive to buy one from a commercial company, a 7.0 T actively shielded magnet system with a clear bore of 156 mm has been designed [16] and is being made by the Magnet Group at the Institute of Modern Physics HUAHNG Wenxue et al.: Progress on the Lanzhou Penning Trap (IMP), Chinese Academy of Sciences. Due to the manufacturing and winding tolerances, it is impractical to achieve such a high homogeneity with only the main coils. So the main coils with a lower homogeneous field (10 −5 ) are designed first, and then the superconducting shim coils and passive shim pieces are used to reach the required homogeneity (∼ 10 −7 ).
Status
The LPT is being constructed at the Institute Modern Physics, Chinese Academy of Sciences. At present, the simulation of all the ion processes in the Penning trap has been made, all the parts of the LPT have been machined and transported to IMP, and the assembly of the central beam line has been completed. As for the 7 T superconducting magnet, the design has been finished and manufacturing is in progress. The LPTCtrlSys to control the LPT and deal with the data acquisition is being developed. We will start the testing of the whole LPT soon.
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